INTRODUCTION {#sec1-1}
============

Brachial plexus block is often used either as an adjuvant to general anesthesia (GA) or as a sole anesthesia modality. Brachial plexus blockade for ambulatory upper-limb surgery can significantly reduce pain and nausea, allowing for faster discharge from hospital when compared with GA.\[[@ref1]\] This block remains the only practical alternative to GA for significant surgeries on upper limb. It provides a superior quality of analgesia and avoids the common side-effects associated with GA\[[@ref2]\] and equally useful in patients with significant comorbidities.

Various local anesthetics alone or in combination with different adjuvants have been tried to prolong the duration of postoperative analgesia for a long time but have met with limited success. Bupivacaine is a well-established long-acting regional anesthetic, which like all amide anesthetics has been associated with cardiotoxicity when used in high concentration or when accidentally administered intravascularly. Hence, there is a need for a drug that can have all the advantages of bupivacaine without its cadiotoxicity. Ropivacaine is a long-acting regional anesthetic that is structurally related to bupivacaine. It is a S(−) enantiomer, unlike bupivacaine, which is a racemate, developed for the purpose of reducing potential toxicity and improving relative sensory and motor block profiles.\[[@ref3]\]

However, still the challenge remains with anesthesiologists to prolong the duration of analgesia while minimizing adverse effects with single-shot brachial plexus block. Significant prolongation of brachial plexus analgesia is ideally accomplished with placement of continuous catheters. For moderate prolongation of analgesia (\<24 h), various adjuvant drugs can be admixed with local anesthetic. There are no ultra long-acting local anesthetics or slow-release formulations clinically available.\[[@ref4]\] Therefore, investigators have tried mixing local anesthetic with adjuvant drugs to prolong anesthesia from nerve block adjuvants including epinephrine, clonidine,\[[@ref5][@ref6]\] opioids,\[[@ref7][@ref8]\] ketamine,\[[@ref9][@ref10]\] and midazolam\[[@ref11]\] have met with limited success. Corticosteroids have all been studied previously in an attempt to prolong the duration of analgesia after peripheral nerve blockade with varying degrees of success.\[[@ref12][@ref13]\] However, the glucocorticoid dexamethasone appears to be effective in a small number of preclinical\[[@ref14][@ref15]\] and clinical\[[@ref16][@ref17][@ref18][@ref19]\] studies. More recent studies indicate that 8 mg dexamethasone added to perineural local anesthetic injections augment the duration of peripheral nerve block analgesia.\[[@ref17][@ref20]\] Dexamethasone is very potent and highly selective glucocorticoid, its potency is about 40 times that of hydrocortisone. Clinical uses of dexamethasone are for treatment of many inflammatory and autoimmune condition.

The major goal in the management of postoperative pain is minimizing the dose of medication to lessen side effect while still providing adequate analgesia. Management of postoperative pain relieves sufferings and leads to early mobilization, shortened hospital stay, reduce hospital cost, and increase patient satisfaction. This technique of brachial plexus block seems to be a better alternative to GA in a new trend of day care surgeries.

We thus tested the hypothesis that adding dexamethasone to ropivacaine would significantly prolong the duration of analgesia in supraclavicular brachial plexus block compared with ropivacaine alone.

PATIENTS AND METHODS {#sec1-2}
====================

Following Institutional Ethics Committee clearance as well as written informed consent, 80 patients (*n* = 80) of either sex aged between 16 and 60 years, ASA I and II undergoing elective upper limb surgery of not more than 2 h under supraclavicular brachial plexus block during a period of 2011-2013 were enrolled. It was a prospective, randomized, double-blind clinical trial. The patients were divided equally into two groups of 40 patients (*n* = 40) each using sealed opaque envelopes in the study as

(1)Group R patients (*n* = 40) received 30 ml of 0.5% ropivacaine with distilled water (2 ml) → Control group(2)Group D patients (*n* = 40) received 30 ml of 0.5% ropivacaine with 8 mg dexamethasone (2ml) → Study group

Exclusion criteria are refusal to regional anesthesia, infection at site, local site anatomical abnormality, history of allergic reaction to study drugs, systemic use of corticosteroid for 2 weeks or longer, drug abuse, peripheral neuropathy, head injury, psychiatric disorder, severe pulmonary, cardiac, renal or endocrine disorder, peptic ulcer disease, pregnancy, and failure to achieve adequate block within 30 min of administration.

Aim and Objective {#sec2-1}
-----------------

***Primary outcome:*** The primary outcome was measured as duration of analgesia, defined as the interval between the onset of sensory block, and the initial use of rescue analgesia for surgical site pain.***Secondary outcome:*** They are as follows:(1)To compare the effect of dexamethasone on block characteristic, that is, onset of block, peak effect of block, and duration of block(2)To evaluate the efficacy of dexamethasone as an adjuvant with to 0.5% ropivacaine with plain ropivacaine in supraclavicular brachial plexus block in terms of maximum visual analogue scale (VAS) pain score and consumption of rescue analgesia(3)Adverse effects such as nausea, vomiting, dysrhythmias, hypotension, convulsions, pneumothorax, pruritus, jerking movements, and hypersensitivity reaction for the study drug.

### How to perform brachial plexus block {#sec3-1}

After getting clearance from preoperative assessment clinic (PAC), all patients included in the study were premedicated with tablet alprazolam 0.5 mg and ranitidine 150 mg orally at night before surgery and they were kept nil orally 12 pm onward. On arrival in the operating room, intravenous line was set using 18 gauge cannula and an infusion of Ringer\'s lactate was started as per calculation of perioperative fluid replacement therapy. The patients were monitored for heart rate (HR), noninvasive measurements of systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MAP) at an interval of 5 min, continuous electrocardiographic (ECG) monitoring, and hemoglobin oxygen saturation (SPO~2~) throughout the perioperative period.

We used the classical approach to supraclavicular block using a single-injection with a nerve stimulator and a multiple stimulation technique for precise localization of each nerve in all the patients. All supraclavicular subclavian perivascular brachial plexus blocks were performed as described by Winnie using 22 G, a 50-mm insulated blunt needle (Stimuplex (B Braun)/8 Locoplex (Vygon) needles with extension tubing), and an Inmed nerve stimulator.

The intensity of stimulating current was initially set to deliver 1 mA with an impulse duration of 0.1 ms. Thereafter, current was gradually decreased to 0.5 mA or \<0.5 mA until the proper motor response is achieved as described above. Following elicitation of an appropriate motor response with a current of 0.5 mA or \<0.5 mA, 30 ml of the study drug was injected following repeated negative aspiration test in 3 ml incremental doses. Following injection, area was massaged so as to help the solution to track along the plexus. During the conduct of block and thereafter, the patient was observed vigilantly for any complications of the block and for the toxicity of the drugs injected. Immediately after block placement, patients were evaluated every 1 min up to 30 min for the onset of sensory and motor blockade, peak effect of sensory and motor blockade, quality of motor blockade, and also for total duration of sensory and motor blockade postoperatively. The above assessment was carried out by the principal investigator, who was blinded to the drugs administered in the plexus block. The study drug was prepared by an operation theatre technician not involved in the care or monitoring of the patients. The patients and the observing anesthesiologist and nurses were blinded to the study drug used. The following parameters were studied:

(1)Onset of nerve blockade:***For sensory***: Time from injection for brachial plexus block to reduction in sensibility to 30% or less (consider as onset of analgesia). Sensory block was assessed by pinprick using the blunt end of a 27-gauge needle comparing with contralateral arm.***For motor***: Time from injection for brachial plexus block to reduction of muscle power equal to 3 (as per modified Lovett rating scale).(2)Complete (peak) nerve blockade:***For sensory:*** Time for injection for brachial plexus block to reduction in sensibility to 0 (pin prick test).***For motor:*** Time from injection for brachial plexus block to reduction of muscle power equal to 0 (as per modified Lovett rating scale).(3)Duration of analgesia:The patients were asked to document the time when incisional discomfort began and the time when full power returned to the shoulder. Postoperative follow-up was carried out in the recovery and postoperative ward. The duration of analgesia was noted according to 0-10 VAS for pain at 0 h, every 1 h for first 3 h, and then 3 houly for next 24 h. When the patients began to experience the considerable pain and visual analogue scale measured VAS at 3-6, it was considered that analgesic action of the drug was terminated and rescue analgesic as tablet diclofenac 50 mg given. Even if patient complained of pain and visual analogue scale measured VAS \> 6, rescue analgesic as injection diclofenac 75 mg was given.(4)Duration of motor block:The duration of motor block postoperatively was assessed at 0 h, every 1 h for first 3 h and then 3 hourly for next 24 h by asking the patients to move their fingers and to see whether they are able to raise the hand or not. This time was recorded and taken as cessation of motor block effect.(5)Surgeon satisfaction:Surgeons were interviewed at the end of study period to evaluate their views regarding nature of anesthesia and analgesia. We rated the satisfaction score as follows:1 → satisfied; 2 → good; 3 → excellent.(6)Possible side effects of brachial plexus block:Incidence of drowsiness, pruritus, nausea/vomiting, Horner\'s syndrome, phrenic nerve palsy, pneumothorax, respiratory depression, and signs and symptoms for local anesthetic toxicity were looked for and noted, if any.

Statistical analysis {#sec2-2}
--------------------

*Explanation if primary outcome is duration of analgesia*: The sample size was calculated; taking standard deviation of 4 h based on the prior literature with a mean difference of 3 h between the samples. Assuming α-error (significance) of 0.05 and power (1- β) of 90%, the effective sample size on the basis of duration of analgesia came out to be 37 in each group for the comparison. Formula for calculating the sample size is as follows:
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*Explanation if primary outcome is VAS score*: A sample size of 38 in each group will be sufficient to detect a clinically important difference of five points on the VAS of pain, assuming a standard deviation of 7.7 points, using a tow-tailed *t*-test of the difference between means, a power of 80%, and a significance level of 5%. The calculation is based on the assumption that the measurements on VAS scale are normally distributed. This number has been increased to 40 per group (a total of 80) to allow for a predicted dropout from treatment. Formula for calculating sample size is as follows:
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Baseline characteristics were compared using standard descriptive statistics. Visual analogue scale was presented as mean or median (interquartile range (IQR)) as required. The duration of analgesia was analysed by unpaired Student *t*-test. Categorical data were presented as percent of total. The results were considered significant if *P* value is \<0.05 and highly significant if *P* value is \< 0.001. All the statistical analysis was done with SPSS 16.0 version (Department of Preventive and Social Medicine).

RESULTS {#sec1-3}
=======

Eighty patients were enrolled and participated in the study. As per exclusion criteria, patients excluded from the study if they did not experience sensory block within 30 min of block administration. However, in our study, for the same reason, instead of excluding the patient from the study, we asked our OT technicians to allot that drug code to some other study patients to maintain study population size. Demographic characteristics and duration of surgery were comparable in both the study groups \[[Table 1](#T1){ref-type="table"}\]. The mean duration of onset of sensory and motor block and the mean duration of peak of sensory and peak of motor blockade were comparable in both the groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Demographic characteristics of the two study groups
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###### 

Onset and time to peak of sensory-motor blockade in two study groups
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Duration of analgesia was taken as time from the onset of sensory blockade to the reappearance of pain. The mean duration of analgesia (sensory block) was longer in Group D as compared to group R (1179.4 ± 108.60 min versus 557.25 ± 58.99 min), which was highly statistically significant (*P* = 0.000) \[[Figure 1](#F1){ref-type="fig"}\].

![Total duration of sensory (analgesia) -- motor blockade between two study groups](AER-8-202-g005){#F1}

Visual analog scale for the monitoring and intervention of postoperative analgesia {#sec2-3}
----------------------------------------------------------------------------------

VAS scoring was zero in both the study groups in the immediate postoperative period and remained as such up to almost 9 h of postoperative period and had no statistical significance. In Group R, patients required first rescue analgesia at 9 h 17 min (557 ± 58.99 min) while in Group D, patients required first rescue analgesia at 19 h 39 min (1179.4 ± 108.60 min), which was found statistically significant in Group D (*P* = 0.000) \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. Group R patients received larger amount of first (98.75 mg in R versus 43.75 mg in Group D) as well a second rescue analgesia (75 mg in Group R versus 33.75 in Group D) compared to Group D patients, which was again statistically significant (*P* = 0.002 and 0.002, respectively).

![Visual analog scale for the monitoring and intervention of postoperative analgesia in group D patients](AER-8-202-g006){#F2}

![Visual analog scale for the monitoring and intervention of postoperative analgesia in group R patients](AER-8-202-g007){#F3}

### Surgeons' satisfaction {#sec3-2}

We interviewed surgeons at the end of study period for anesthesia and analgesia using a rating scale ranging from 1 to 3. The satisfaction rate was higher in group D patients (excellent in 85% and good in 15%) than Group R patients (excellent in 62.5% and good in 37.5%).

### Side effects {#sec3-3}

Neither a single patient complained of any side effects nor any sign of toxicity was visible in both the groups during the study period.

DISCUSSION {#sec1-4}
==========

Supraclavicular block provides a rapid, dense, and predictable anesthesia of the entire upper extremity in the most consistent manner of any brachial plexus technique.\[[@ref21]\] Although this is an excellent technique in experienced hands, the use of peripheral nerve stimulator has shown the considerable increase in the success rate of block and despite the advent of ultrasound-guided peripheral nerve blockade, nerve stimulation remains a popular technique used alone. Yasuda *et al*.\[[@ref22]\] used a technique employing a nerve stimulator and an insulated needle for supraclavicular brachial plexus block that was successful in 98% of patients. That is why we had selected supraclavicular approach with peripheral nerve stimulator to supraclavicular brachial plexus block in our study.

Our study results demonstrate that the addition of dexamethasone to ropivacaine significantly prolongs the analgesic effect of plain ropivacaine postoperatively. These results are in keeping with the trend of previous studies using dexamethasone and a brachial plexus model;\[[@ref16][@ref18][@ref19][@ref23]\] however, accurate comparisons are challenging because of the variety of local anesthetic mixtures and adjuvants used, different blocks studied, and different methods of evaluating block duration. The block prolongation we observed (approximately twofold with ropivacaine and dexamethasone \[[Figure 1](#F1){ref-type="fig"}\]; is consistent with observation of Pathak *et al*.,\[[@ref21]\] who noticed significant prolongation of analgesia and motor block when dexamethasone was added to a mixture of 1.5% adrenalized xylocaine and 0.5% bupivacaine. However, Movafegh and colleagues\[[@ref16]\] evaluated the effect of dexamethasone added to lidocaine using a nerve stimulator and found that the duration of surgery and the onset times of sensory and motor block were similar in both the groups, but the duration of sensory (242 ± 76 versus 98 ± 33 min) and motor (310 ± 81 versus 130 ± 31 min) blockade were significantly longer in the dexamethasone than in the control group (*P* \< 0.01), which were similar to those of our study results \[[Table 2](#T2){ref-type="table"}\]. Vieira and colleagues\[[@ref19]\] observed that adding dexamethasone to a mixture of bupivacaine, clonidine, and epinephrine increased interscalene block duration from 14 to 24 hours (1.7-fold prolongation). Their results, however, must be interpreted in the light of the presence of two α-agonists that were also included in the local anesthetic mixture. In contrast to previous studies in which dexamethasone was added to local anesthetic for brachial plexus block, we were unable to demonstrate the multifold augmentation of the duration of analgesia.\[[@ref18][@ref19][@ref23]\] Differences in study methodology may have accounted for the observed differences in the duration of analgesia between studies, for example, the use of local anesthetics with longer duration of action,\[[@ref18][@ref19][@ref23]\] larger volumes of injectate,\[[@ref16][@ref18][@ref23]\] and the use of adjuncts such as epinephrine or bicarbonate with possible synergistic actions.\[[@ref18][@ref19][@ref23]\] It is noteworthy that the addition of dexamethasone not only prolonged the duration of analgesia, but also may have contributed to an increased variability in the duration of analgesia.

Our study was different from other studies in that we designed it to assess a modest interaction between dexamethasone and the particular local anesthetic used. We opted to use ropivacaine without any other adjuvant, which would be less likely to mask any pharmacodynamic effect of adjunctive dexamethasone and found both statistically significant and clinically important interaction between these two.

Animal\[[@ref24]\] and preliminary human studies\[[@ref16][@ref18][@ref19][@ref23][@ref25]\] investigating the analgesic efficacy of dexamethasone added to local anesthetic agents have been found encouraging. It was selected in our study because, recently, dexamethasone has been studied as an adjuvant to local anesthetic in peripheral nerve block.\[[@ref17][@ref20]\] The mechanism of analgesia induced by corticosteroids is not fully understood. This effect is suspected to be mediated by their anti-inflammatory or immunesuppressive effects.\[[@ref26][@ref27]\] According to the traditional theory of steroid action, steroids bind to intracellular receptors and modulate nuclear transcription. Honorio *et al*.\[[@ref28]\] found that steroids produce analgesia by blocking transmission in nociceptive c-fibers and suppressing ectopic neuronal discharge. According to Attardi *et al*.,\[[@ref29]\] steroids might bring about this effect by altering the function of potassium channels in the excitable cells and this might be the probable mechanism of action by dexamethasone for the prolongation of blockade in our study. The dose of dexamethasone as an adjuvant to local anesthetics for peripheral nerve block has not been described. We selected a dose of 8 mg because administration of this dose seems to be safe in adults. Adverse effects with a single dose of dexamethasone are probably extremely rare and minor in nature, and the previous studies have demonstrated that short-term (\<24 h) use of dexamethasone was safe.\[[@ref30][@ref31]\] Several studies have shown that addition of 4-8 mg of dexamethasone to local anesthetics effectively and significantly prolongs the duration of analgesia.\[[@ref21]\]

Despite the concern surrounding the 'off-label' use of perineural adjuvants,\[[@ref32]\] the safety profile of dexamethasone is promising. None of our study patient complained of neurotoxicity or any other complaints attributable to dexamethasone, although our sample size was insufficient to detect rare outcomes and we did not follow our patients beyond 24 h. Reports of corticosteroid-mediated neurotoxicity seem to be related to the vehicle polyethylene glycol and the preservative benzyl alcohol in steroid preparations as well as the presence of insoluble steroid particulate matter in the injectate,\[[@ref33][@ref34]\] neither of which applies to the formulation of dexamethasone (dexamethasone sodium phosphate) we used. The neurological risk, if any, of dexamethasone thus appears to be small. Although corticosteroids have been used successfully for postoperative pain relief in oral, general, and orthopaedic surgery,\[[@ref35][@ref36]\] other studies have not corroborated these reports.\[[@ref30][@ref37]\] Adding a steroid to local anesthetic solution may not be indicated for all patients. For example, diabetic patients may experience hyperglycemia and patients with a continuing infectious process may be detrimentally affected by the anti-inflammatory effects of steroids,\[[@ref16]\] but concerns about steroid-induced hyperglycaemia have been borne out in high-dose I.V. regimens.\[[@ref38]\] This led us to hypothesize that it may be useful in situations in which epinephrine must be used with caution (e.g. hypertension, ischemic heart disease).

In our study, group 'D' patients showed prolonged duration of sensory (557 ± 58.99 min in 'R' versus 1179.4 ± 108.60 min in 'D'; *P* \< 0.000) as well as motor blockade (456.62 ± 54.29 min in 'R' versus 1091 ± 106.74 min in 'D'; *P* \< 0.000), hence reducing the consumption of rescue analgesia in group 'D' patients. The amount of both, first and second rescue analgesia, was higher in group 'R' patients as compared to group 'D' patients (*P* \< 0.00). None of our study patient required analgesia in the immediate postoperative period. As our postoperative follow-up period was limited to 24 h and hence the measurement of rescue analgesia also. While following 24 h onward, VAS scoring trend might have been different from day 1 scoring as tissue inflammation started to settle down.

Surgeons satisfaction score for surgical anesthesia and analgesia was found to be more excellent (85%) in group D than in group R (62.5%) patients, which indicates that surgeons were more satisfied in group D than group R. This may be explained in view of quality of supraclavicular block itself as it provides a rapid, dense and predictable anesthesia of the entire upper extremity in the most consistent manner of any brachial plexus technique. It consists of injecting local analgesic drugs in the fascial spaces surrounding the nerve plexus, thereby blocking the autonomic, sensory, and motor fibers supplying the upper extremity. It is carried out at the 'division' level of the brachial plexus, with high volume the 'trunk' level of the plexus may also be blocked in this approach.\[[@ref39][@ref40][@ref41]\] Perhaps this is why there is often little or no sparing of peripheral nerve if an 'adequate' paraesthesia or stimulation is obtained. Second, a relative increase in the duration of analgesia was far more pronounced because of the use of long-acting local anesthetics, that is ropivacaine. Third, this is because of synergistic action of analgesic efficacy of dexamethasone added to local anesthetic agent. In conclusion, we found that addition of dexamethasone (8 mg) to ropivacaine (local anesthetic drug) as an adjuvant in supraclavicular brachial plexus significantly prolongs the duration of postoperative analgesia and motor block in patients undergoing upper limb surgeries which lasted much longer than that produced by local anesthetic alone. It was found to be well tolerated and cost-effective method without the occurrence of remarkable adverse effects. Although toxicity profile of dexamethasone appears to be well tolerated till date, but our study population size was small and the postoperative follow-up period was limited to 24 h only, to find out any conclusive complication. Therefore, further studies are required to evaluate the mechanism of action as well as the optimal dose before its routine use as a perineural adjunct can be advocated to prolong block characteristics.
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